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CONTRIBUTIONS TO THE PHYSIOLDGY 
AND 

Otto Cohnheim, 

Results of experiments 

SODIUM CHlDRIDE 
OF WATER 

NASA TT F-10,131 

x+-/413 

Kreglinger, and begl inger* 

?4V3 
on the water and sodium chloride 

metabolism in human subjects, under a l t i t u d e  and lowland 

conditions, a t  rest and under physical  exertion, a re  dis- 

cussed, with tabulated d a t a  on excretion and retent ion of 

chlorine. 

(4600 m) led t o  a t rans ien t  hydremia, without change i n  

Increased muscular work at high a l t i t udes  

hemoglobin concentration. Profuse perspirat ion resulted 

i n  chlorine depletion, compensated later by increased 

chlorine retention. Reduction i n  the  HC1 content of t he  
/ 

n * , + 4  1 
gas t r i c  juice was observed. 

-v- w-2 

Ever since the  investigations by Yfescher (Bibl-1, 2, 3 )  and his followers, 

i t  has been an established f ac t  t h a t  the number of red blood corpuscles per  un i t  

volume increases i n  both human and animal organisms with decreasing barometric 

pressure, meaning t h a t  the blood becomes more concentrated. 

1800 m, Abderhalden (Bibl.4) observed this increased concentration i n  a la rge  

A t  an a l t i t u d e  of 

number of animal experiments, w h i l e  he found no corresponding rise i n  the  abso- 

l u t e  hemoglobin content o r  a t  least not at a constant r a t e  o r  t o  the  same extent. 

Since then, the e n t i r e  phenomenon has again become questionable, i n  View of the  

f a c t  t h a t  Zuntz (Bibl.5) and his coworkers found no increase i n  erythrocytes per 

* From t h e  Monte Rosa Iaboratory, A-Kosso I n s t i t u t e  and Margherita Hut. 

H- Numbers i n  the margin indicate  pagination i n  the or ig ina l  foreign t ex t .  
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u n i t  volume a t  high a l t i tudes ;  i n  fact, they observed values t h a t  f luctuated 

sharply within extremely short  periods of t h e ,  so tha t  they came t o  t h e  conclu- 

s ion t h a t  t he  various values of t he  skin vessels  and the  d i f fe r ing  d is t r ibu t ion  

of the  blood corpuscles i n  the sk in  capi l la r ies  were mainly responsible f o r  /W, 

all observed differences. 

number of blood corpuscles i n  human subjects, at a l t i t udes  of 3000 and 4500 m, 

but this increase was by far not as pronounced o r  as regular as i n  rabbits.  

Similarly, Fuchs (Bibl.6) found an increase i n  the  

Under these circumstances, we found it advisable t o  make new invest igat ions 

It could not be assumed pe r  on the  behavior of hemoglobin and blood corpuscles. 

se t h a t  t h e  difference i n  the results of t h e  various authors was due merely t o  

t h e i r  methodics o r  t o  the  conduction of the  tests; rather,  one could expect t h a t  

the amount of red blood corpuscles per un i t  volume depended not only on the 

a l t i t ude ,  i.e., on the  barometric pressure, but also on t h e  d i f f e r ing  reaction 

of t h e  e x p r h e n t a l  subjects o r  experimental animals. Grawitz (Bibl.7) voiced 

the  suspicion t h a t  the greater  water loss a t  high a l t i t udes  might be the  reason 

f o r  the  increase i n  blood corpuscles per un i t  volume; Weiss (Bibl.8) and Abder- 

halden ac tua l ly  found i n  t h e i r  experimental animals a concentration of t he  blood 

but no increase i n  absolute hemoglobin content. 

found a hemoconcentration i n  rabbi ts ,  on reducing t h e  atmospheric pressure i n  

the  pneumatic chamber. 

general ly  do not lead e i t h e r  t o  hemoconcentration o r  hydremia; ra ther ,  blood has 

the  capacity of maintaining i t s  composition by giving off  excess water t o  the 

water reserves  of the  t i s sues  o r  by extracting water f r o m  these reserves 

(Bibl.lG, 11, 12). 

explained by assuming tha t  the type of water loss played a cer ta in  role. 

g rea t e s t  water loss  i n  human subjects takes place by sudation. 

Similarly, Fieschler  (Bib1.9) 

However, it i s  known t h a t  water loss  o r  water in.&e 

T h i s  const i tuted a contradiction which could possibly be 

The 

However, per- 
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sp i ra t ion  w i l l  occur only i f  the sweat glands a re  stimulated by a spec i f ic  

stimulus (Bibl.13, a, 15, 16). Without such a stimulus, the skin w i l l  give /415 

off no water; i n  general, perspirat ion itself at high a l t i t udes  should not d i f f e r  

from t h a t  i n  the  lowland. However, such a difference nxight occur i n  the water 

vapor diss ipat ion through the  lung. Such t ranspirat ion i s  not ruled by a spe- 

c i f i c  a c t i v i t y  of the body but exclusively by heating of t he  respiratory air t o  

body temperature, on contact w i t h  the mist  respiratory passages, and saturat ion 

of this air with water vapor. 

dry and the water evaporation i s  increased because of the lower barometric pres- 

sure. Consequently, it could be expected t h a t  t he  amount of water l o s t  by pure- 

l y  physical  processes ra ther  than because of muscular ac t iv i ty  would be greater 

at high a l t i t u d e s  than i n  t h e  lowland, meaning t h a t  the concentration of the  

blood as w e l l  as the increase i n  number of blood corpuscles pe r  un i t  volume 

could be eq ia i i ied  t%si  

Usually, t h e  air i n  high mountains i s  cool and 

The water loss  of the organism at high a l t i t u d e s  was  calculated by Zuntz 

and coworkers; however, they e i the r  determined only the l o s s  during sustained 

muscular work (mountain climbing) o r  the t o t a l  loss  per 

no comparison of the water loss  at work and a t  r e s t ,  between lowland and high 

mountains. Therefore, we made plans to  determine the  water l o s s  i n  the lowland 

and a t  high elevations, under differ ing conditions such as r e s t ,  muscular work, 

persp i ra t ion  without muscular work, and t o  determine simultaneously the  concen- 

t r a t i o n  of hemoglobin i n  the blood, under these same di f fe r ing  conditions. 

The control  experiments i n  the lowland were made i n  Heidelberg and i n  

Coblence, while the k i g k a l t i t u d e  t e s t s  were conducted in the  Monte-Rosa Iabora- 

t o r i e s .  

s t i t u t e  Mosso on the Colle dTOlen, i.e., at an a l t i t ude  of about 3000 m; between 

hrs, while they made 

During the  t i m e  from July 31 t o  August 15, 1909, we stayed a t  the  In- 
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Aug.7 and 10, we stayed at the  Margherita Hut (4560 m). 

wish t o  express our appreciation t o  the Director of t he  Laboratory, Dr.Aggaz- 

zo t t i ,  f o r  his kind swpor t  and his W i l l i n g  cooperation, by making available all 

f a c i l i t i e s  of his excellently equipped Ins t i tu te .  I n  addition, we wish t o  thank 

the Central Committee of t h e  German and Austrian Alpine Club who, on request, 

gave f inanc ia l  support t o  our investigations.  

A t  this point, we )& 

Animal experiments were not i n  question f o r  t he  purpose of our studies. 

O f  the  conventional experimental animals, rabbits,  guinea pigs,  and rats are so 

sma l l  t h a t  they need no heat dissipation by water evaporation. Because of t h e i r  

r e l a t ive ly  l a rge  body surface, they w i l l  produce adequate heat loss without such 

evaporation. The conditions are similar i n  dogs, where the  physiological heat 

regulation plays a l e s s e r  ro l e  than i n  hman subjects;  i f  dogs evaporate water 

at  all, they do it over t h e i r  respiratory t r a c t .  

bolism are so intimately connected wi th  t he  heat regulation t h a t  such animals 

cannot be compared with human organisms. Animal experiments on water metabolism 

could be done only on very la rge  animals that a r e  able t o  perspire,  f o r  example, 

on horses. 

The conditions of water meta- 

However, f o r  this we were not equipped. 

Therefore, we made self-experiments exclusively. On the  Margherita Hut and 

during a p a r t  of our s tay  on the Cone d*Olen, D r .  Fr.Kestner volunteered as 

test subject.  Thus, the subjects included: 

Gobegl inger  I, age 55 ,  height 186 cm, weight 77 kg, slim, healthy; 

G.Kreglinger 11, age 27, height 182 cm, weight 87 kg, healthy; 

O.Cohnheim, age 36, 170 cm, weight 84 kg, healthy; 

F.Kestner, age 30, height 168 cm, weight 76 kg, h e a l t b .  

The r a t i o  of height t o  weight already indicates  t h a t  t he  const i tut ional  && 
appearance of t he  four subjects d i f f e r s  widely. For exanrple, b e g l i n g e r  1 i s  



tall, thin, and perspires l i t t l e ,  while Cohnheim i s  s tout  and perspires  readily. 

A l l  four of US were mountain climbers for  years and used t o  physical exercise, 

but came d i r ec t ly  from t h e  lowland a t  t h e  beginning of t he  experiments and thus 

were quite untrained. 

A s  t he  c r i t e r ion  for water loss we s i m p b  used the decrease i n  weight during 

a predetermined period of rest, usually during t h e  night or during an ascent. 

In Heidelberg, C. and Kr.11 climbed the  Heiligenberg, i n  which the  first 

and last port ion of the  path, comprising t h e  main port ion of the  incl ine,  l ed  

through the  fores t ,  constantly r is ing.  The a l t i t u d e  difference was 345 m; i n  

the ascent, we wore regular mountain-climbing clothing. I n  Spring and i n  the  

untrained state, we required 38 min for  the  ascent and 23 - 25 m i n  f o r  the  de- 

scent; i n  Fal l ,  a f t e r  re turn f romthe  Alps, t he  corresponding values were 35 

and 22 min. Between the  individual weighings, about 90 min elapsed. 

Csbleiice, 5.1 ascer?ded t h e  Kuhkopf ( foo th i l l  i n  the  Hunsriick) on J W  4 and 25, 

on Sept .3 ,  and Oct.17. 

through t h e  woods, a t  a gradual rise to  a height of 375 m. 

ference was 300 m. 

t h e  descent, together 2 hrs 17 min; i n  September and October, t h e  time required 

f o r  both ascent and descent was 2 hrs 15 min. 

October 3rd, from Coblence over Waldesckamerstrasse t o  the  Fleckertshbhe 

(531 m above sea l eve l )  over h i l l s  t e r r a in  at  about 400 m elevation, requiring 

5 hrs i n  all; f o r  the  descent t o  Bad Salzig/Rhine, we needed 30 m i n .  

difference was  460 m. 

p a r t l y  along t h e  path leading t o  the  Gn i fe t t i  Hut and par t ly  over snow and 

rubble, with the  path r i s ing  by 245 m. 

(with some climbing) f o r  the  ascent and 22, 27, and 27 min f o r  t he  descent. 

I n  

The path followed the  highway f o r  2 km and then led 

The a l t i t u d e  dif- 

In July, he required 1 hr  17 min for the  ascent and 1 h r  f o r  

I n  addition, we made hikes on 

The height 

We also hiked f romthe  Colle d'0len toward the  Stolenberg, 

I n  this, we required 35, 36, and 45 min 
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Between the  weighings, we l e t  about  2 hrs elapse. 

the s t r a i n  during these climbing tests, we counted our pulse  a f t e r  arriving at 

t h e  goal and 5 min later. 

To obtain a c r i t e r ion  f o r  

Immediately after arrival, we found values of 110 

for &.I1 and values of la in t he  two o ther  subjects; 5 min later, the  /k18 
value was 80 f o r  Kr.11 and 90 - 96 f o r t h e  two other  subjects. 

between lowland and high elevation was observed. 

No difference 

The blood pressure, measured 

with the  Sahli  apparatus, never showed changes. 

The above Table gives the  weight loss i n  grams. The numerals i n  paren- 

theses  refer t o  the heavier clothing, i.e., not t o  t h e  evaporated amount of 
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perspiration, which was also determined i n  most cases%. 

In  addition, we made some other weighings before and a f t e r  climbing, /k19 
using ourselves and some staff members of t h e  Laboratory as subjects. 

f igures  will be discussed below. 

These 

c l imbing i n  
snows tom 

Ascent to the  

h o t , l i t t l e  winc 

7 hrs ,  p a r t  

a scent  and 
descent  

----- 
I 
I 1600') 1360') ZlM)') 

I 
I 

there  was considerable intake of l i qu id  during t h e  climb. For 
the other  figures,  the  l i q u i d  o r  solid food as well as the  ex- 
creted amount of urine were measured and taken i n t o  consideration. 

I I  I I I I I 

The numerals denoted by 1) represent minimal f igures  since 

These figures,  as expected, indicate t h a t  t he  weight loss depended primari- 

l y  on t h e  temperature, insolation, and cloud cover; i n  addition, C. usually 

l o s t  more weight than the  already t h i n  brothers beg l inge r .  The difference was 

especial ly  s t r ik ing  a t  lower temperatures and became somewhat less a t  elevated 

temperatures. Similar observations were made by Rubner e t  al. (Bibl.18, a, 15). 

-x O f  this unevaporated water, about twr, thirds were a t t r ibu tab le  i n  most cases 
t o  t h e  flannel shirt which we wore together with our mountain-climbing o u t f i t  
(Bibl.17) . 

7 



. 
EXPEXIMEJTS AT RES'l? 

The weight loss, during t h e  night i n  Heidelberg, f o r  Cohnheim was 

i n  10 hrs, 360 gm; i n  9 hrs, 292 gm 
211 gm; i n  9 hrs, 350 ~m 

I n  Coblence, for Kreglinger I: 

i n  8-$ hrs, 3x1 gm 
i n  6% hrs, 150 gm 
i n  9 hrs, 300 gm 

On the  Colle dp0len: 

Cohnheim Kestner Kreglinger I Kreglinger I1 

On the  Margherita Hut: 

Cohnheim Kestner Kreglinger I Kreglinger II 

F i r s t  night 350 500 200 0 
Second night 225 470 600 100 
Third night 150 300 500 750 

-:- Here, only t he  negl igible  motion during dressing and undressing 
i s  included; urine excretion and l iqu id  intake were measured and 
allowed for.  

Finally, we also made two experiments i n  which we were exposed to  intense 

sunshine f o r  1.5 - 3 hrs, lying on the Colle d'0len until we s t a r t ed  perspiring 

profusely without any muscular work. The weight loss was 500 gm i n  1.5 hr ;  

550 and 850 gm i n  3 hrs. 

T h i s  weight loss naturally cannot be a t t r i bu ted  exclusively t o  water evapo- 

ra t ion;  i n  addition t o  such evaporation, also fat and glycogen were burned and 

transpired; i n  addition, weight changes may be produced by oltygen consumption 

and o ther  metabolic processes. According t o  data by hewy and Durig (Bibl.19, 
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201, at most 100 ltr oxygen would be consumed f o r  an ascent and descent of 

34-5 m, t o  which the requirement a t  rest f o r  1.5 hr m u s t  be added. I This would 

For give 153 gm f o r  glycogen combustion and 67 gm f o r  fat  combustion. L a  
9 - 10 h r s  of rest, t he  f igures  given by Tigerstedt (Bib1.Z) can be used f o r  

calculating a 160 gm decrease by glycogen and 85 gm by fat combustion. 

other  data, i.e., about 9/10 f o r  t h e  climbing tests and mre than half f o r  the  

tests a t  rest, are due t o  water evaporation. For this, no difference t h a t  was 

not  d i r ec t ly  due t o  temperature and insolation was observed i n  the  climbing 

tests between 100 and 3000 m height above sea level .  

d i f fe ren t  f o r  t he  experiments a t  r e s t .  

beliemd i t  possible that t h e  water vapor diss ipat ion at rest, under exclusion 

of perspiration, might be much grea te r  than in the  lowland. I n  fac t ,  we ob- 

tained several f igures  t h a t  are considerably higher than the  ra ther  constant 

I"lg-m=es o"v&e2 h Heidelberg and Coblence. In between, we also found SUI\- 

pr i s ing ly  low differences i n  the  evening and morning data. These differences 

most l i k e l y  can be explained only by t h e  f a c t  that, after the  strong muscular 

e f f o r t  in ascent t o  the  Margherita Hut and in other  climbs, excessively intense 

processes accompanied by weight increase take place, such as - f o r  example - 
the  fonnation of oxygen-rich glycogen f r o m  other  materials. 

the  weight loss through water evaporation and combustion. 

f o r  the  less restful sleep at t h e  Margherita Hut, the persp i ra t io  in sens ib i l i s  

A l l  

The s i tua t ion  i s  en t i re ly  

A s  discussed in the  Introduction, we 

I 

I 
T h i s  p a r t l y  masks 

Even making allowance 

I a t  high a l t i t u d e s  obviously is much more extensive than in t h e  lowland. 

The grea te r  water diss ipat ion at high elevations would agree w e l l  with t h e  

observed hemoconcentration accompanying t h e  increase in blood corpuscles per  

un i t  volume. I However, it would be good t o  mention a t  this point that ,  i n  d e  

l t e d n i n g  the  hemoglobin content of our blood, we were unable t o  observe such a 

I 9 



constant increase. 

For determining the  hemoglobin w e  used the  Goners hemoglobinometer, modi- 

f ied  by Haldane (Bib1.22). 

carbon monoxide-hemoglobin solution. 

with water t o  -Jarnish color, bubbled through with manufactured gas, and fu r the r  

di luted u n t i l  t h e  color matches tha t  of t he  standard solution. 

taken from a graduated d i a l  on which 100% Hb corresponds t o  an oxygen combining 

power of 18.5%. 

some training, t h e  apparatus will give highly accurate and reliable readings 

(Bibl.23). 

no manufactured gas was avai lable  i n  t h e  Konte-Rosa Iaboratories, we produced 

carbon monoxide by heating oxal ic  acid with su l fu r i c  acid and conducting the  

generated gas through caust ic  soda solution. 

b--”------ - 1 n h i n n m ~ t - r ~  _-_ we also used t h a t  developed by Grlitzner, but found that t h e  read- 

ings were much less accurate than those of the  Haldane instrument, despite i t s  

extreme convenience; therefore, we will  not  give the obtained readings at  this 

poin t  . 

I n  this apparatus, t h e  reference solution is a /422 

In a l l ,  20 cc blood are taken, di luted 

The reading is 

Healthy human subjects have a hemoglobin content of 100. After 

If t h e  test i s  careful ly  done, t he  e r r o r  will not exceed a. Since 

I n  addition to the  Haldane hemo- 

The blood was taken with t h e  Francke sca r i f i ca to r  on the  back of t h e  f inger  

n a i l  phalanx. 

of blood so as t o  prevent admixture of l p p h  and t i s sue  juice. 

Zuntz  and coworkers emphasized t h a t  t h e  d i f fe r ing  in t ens i ty  of blood c i rcu la t ion  

i n  the skin could result in considerable e r ro r s  i n  hemoglobin determinations 

and blood counts, meaning t h a t  l ess  blood corpuscles would be counted at  l o w  

temperatures than at  high temperatures. 

taking blood i n  quick succession, f irst  after immersing one hand i n  water of 

6 O C  o r  after staying i n  the  open a t  a temperature of PC and fog, u n t i l  a 

We were especially careful  t o  take as la rge  as possible a drop 

Specifically,  

We made an experiment on two of us, by 

10 



d i s t i n c t  numbness of the f ingers  was f e l t ;  the  second t e s t  was made after im- 

mersing the  hand i n  water of 43 - 45'C, which produced d i s t i n c t  erythema of 

the hand: 

Effect of cold Hb 103 Hb 95 
Effect of heat Hb 106 Hb 99 

Obviously, the  differences a r e  &or despite the f a c t  t h a t  t he  conditions 

were r a the r  extreme. Incidentally,  we never took blood samples i n  the open. 

Below, we give a compilation of the blood sampling, made i n  t h e  morning 

before a r i s ing  o r  at least a t  complete muscular rest. 

Cohnheim Kestner b e g l i n g e r  I Kreglinger I1 
Colle dt0len 

Aug.1 l l 0  - 101 97 
Aug.2 106 and lo3 - 102 99 and 95 - 90 - 

- 94- 100 
Aw.3 99 
Aw.5 ll0 
Aw.6 116 98 98 - DroA., U O  

Margherita Hut 

Colle d'0len 

110 - 93 98 
l l 0  100 90 102 Dr.A., 110 
102 102 96 - L., loo 

- - - - 106 98 
102 100 
108 108 - - Dr.S., 99 
106 112 - - 

Heidelberg 

These f igures  show no increase i n  hemoglobin content. This r e su l t  agrees 

wi th  t h e  data by Zuntz et  al. but not w i t h  those obtained by many other  authors, 



i n c l ~ d i n g  V i a u l t  (Bible&), Ydescher et al., Abderhalden, Giacosa (Bibl.25) and 

many others. In par t ,  this difference i s  no doubt due t o  the  f a c t  that usually 

the  blood count was made on human subJects and i s  presumably less acccirate 

than the  Haldane hemoglobin determination. However, t h e  most important experi- 

ments, Specifically t h e  numerous t e s t s  made by Abderhalden, w e r e  conducted with 

smallanimals; above, we substantiated our  statement t h a t  these results are not 

applicable t o  human subjects. 

an increased water diss ipat ion a t  high a l t i t udes ;  since such water diss ipat ion 

i s  not  due t o  an increase of t h e  sweat gland a c t i v i t y  but ra ther  t o  physical 

causes, i t  most l i k e l y  i s  present a l so  i n  small animals and even t o  a greater  

extent because of t h e i r  rapid respiration and la rge  body surface. Conversely, 

as also mentioned above, s m a l l  animals of this type have no water regulation, 

a process tha t  evolved i n  the  human species because of t h e  need f o r  heat dissi- 

i;z+ufo~. I n  addLt-ian, data conpiled by V e r u m  (Bib1.26) should be recalled here; 

this author found a considerable increase in blood volume i n  penned rabbi ts  as 

soon as they were exposed t o  sunlight. 

paid t o  this point. Naturally, our negative results do not exclude the  possi- 

b i l i t y  t ha t ,  on longer s tay  at high elevations, the number of blood corpuscles 

might increase under the  stimulating effect  of oxygen depletion. On the  Colle 

dvOlen, i.e., a t  an elevation of 3000 m, we discovered no spec i f ic  a l t i t ude  

e f f ec t .  

sickness but we found that, a f a c t  described by a l l  earlier observers, even 

the  s l i g h t e s t  muscular work - such as a f e w  minutes of dumbbell l i f t i n g  o r  snow 

shoveling - produced dyspnea; i n  addition, any hemoglobin determination shared 

a d i s t i n c t l y  dark venous color of the blood. 

tude, t h e  blood concentration in human beings may f luc tua te  within a short  

& 

For a human subject a t  rest, we have demonstrated 

In e a r l i e r  times, no at tent ion had been 

On the  Margherita Hut (4560 m), we detected no symptoms of mountain 

Finally, independent of the  &ti- 



period of time. 

In  accordance with our above-discussed experimental schedule, we made hem- 

globin determinations not only at  rest but  also immediately after the  climb- /422 

i n g  tests; we found t h a t ,  under the  effect  of this muscular exertion, t h e  con- 

centration of hemoglobin decreased. 

I., 
113 8 

Krag- 
linger I t  

Determinations were made with SaU's apparatus (hematin); 
f o r  t he  climb, x> min gymnastics were substi tuted.  

Consequently, whereas most authors had observed a constancy o r  a minor in- 

crease in hemoglobin concentration during muscular exertion (Bibl.27, including 

earlier l i t e r a t u r e  by Grawitz, Winternitz, and others),  these experiments - with 
a s ing le  exception - resulted i n  hydremia under the  influence of climbing. 

i s  quite cer ta in  t h a t  this re su l t  was not simulated by experimental errors,  

s ince  the  blood c i rcu la t ion  became more intense on heating and perspiration, 

It 
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which would mean  t h a t  the  f igures  should ac tua l ly  have been higher. 

ments i n  t h e  lowland, such hydremia occurred occasionally or, at least once, was 

I n  experi- 
I 

not observed. The invest igat ion w i l l  have t o  be repeated f o r  lowland conditions. 

We are unable t o  say def in i te ly  whether any type of muscular work Kill have this 

effect .  For example, a simple walk of 20 min on the  Colle dfOlen did not  lead 

t o  a decrease in hemoglobin: 

c. S. 

Before 108 99 
After 108 98 

Perspiration alone, without muscular exertion, d i d  not lead t o  hydremia, 

as shown by a few experiments made on t h e  Colle dT0len. 

Kestner) exposed ourselves to  t h e  sun u n t i l  profuse perspirat ion took place 

Xe (Cohnheim and 

(weight loss ,  500 - 850 gm) and determined the hanoglobin before and after ex- 

posure. 

Before 106 102 100 - - - 
After 108 lo3 100 108 108 104 

Accordingly, it seems t h a t  hydremia i s  a consequence of muscular work. 

From t h e  working muscles water i s  t ransferred t o  the  blood. One must r e c a l l  

that, according t o  observations by 14agnus and &gels, t he  musculature consti- 

t u t e s  a water depot of the  body. It might w e l l  be that t h e  act ive muscles expel 

t h e  accumulated excess water. However, it seem more probable that ,  shultane- 

ously with the muscular ac t iv i ty ,  leading t o  a greater  heat production and thus 

t o  an increased s t r e s s  on the  sweat glands, water i s  given off i n t o  the  blood 

t o  compensate f o r  t h e  resul tant  water loss, thus leading t o  an overcompensation. 

I n  this pa r t i cu la r  f ield,  overcompensations of other types a re  well known, name- 

ly ,  t h e  excessive rise i n  metabolic rate after a cold ba th  (Bib1.28, 29) o r  the  



increased depth of pulmonary respirat ion during muscular work (Bibl.30, 27). /&27 

It i s  b o r n  tha t  sodium chloride i s  excreted from the  human organism through 

the  urine but a l so  through the perspiration. 

i n  the perspirat ion f luctuate  (Bibl.31, 17, 32, 33); absolute amounts of sodium 

chloride were determined by Cramer and Schwenkenbecher (Bib1.17, 32, 33) but, 

i n  profuse perspirat ion a f t e r  strenuous exertion, the  sweat pmdcction no doubt 

i s  much greater  than given by Cramer. 

t o  the  Kargherita Hut, which was connected with profuse perspiration, f o r  study- 

ing  the  chlorine metabolism under these conditions and a l so  the possible conse- 

quences of a strong chlorine loss  i n  the perspirat ion i tself .  

The data on the  percentage of salt 

'de used the  climb from the Colle df0len 

Up t o  the  ascent, we stayed on the regular d i e t  offered by t he  I n s t i t u t e  

MOSSO, with the  da i ly  chlorine excretion, according t o  occasional t e s t s ,  flucttl- 

a t i ng  a b u t  10 gm. Star t ing f r o m  t h e  morning of the  ascent, we kept a d i e t  of 

which the s a l t  conteiit i a s  rare clr less known. The sal t  added t o  the  food was 

weighed f o r  each individual and chlorine analyses were made of such food items 

as ham, bacon, cheese, and meat extract; t h e  samples were freed of f a t  in a 

Soxhlet, and the  residue was  boiled with water u n t i l  removal of the en t i r e  

chlorine. The sodium chloride i n  the  extract  was determined according t o  

Volhardvs method. O f  the  other  foodstuffs, consumed on the Yiargherita Hut, only  

t races  of chlorine were contained i n  the meat, unsalted butter,  eggs, chocolate, 

sugar, and fruit ;  somewhat la rger  and not  fully determined amounts are present 

only i n  bread. The water, which was  melted snow, w a s  completely free of c h l o ~  

i n e  . 
The weight losses  during the  ascent have been given on p.7. These losses  

Were 3870, 4000, 4.100, and 5800 &me This const i tutes  t h e  pure so-called 

'vperspiratio insensibil is",  i.e., the weight difference reduced by the excreted 
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urine and increased by the ingestion of so l id  and l i qu id  food during the  hike. 

The ascent, with some rest periods, took 7 hrs, mostly i n  hot sunshine and a t  

negligible wind. The a l t i t u d e  difference was about 1600 m. 

ra ther  la rge  pack of supplies. 

was  19 kg f o r  K r .  I, l8 kg f o r  Kr. 11, l.4 kg f o r  C., and 12 kg f o r  K. 

last  hour, all par t ic ipants  f e l t  extreme fatigue,  which frequently forced them 

to stop and rest. 

a 0  t o  90 i n  K r .  11, which de f in i t e ly  was a symptom of overfatigue. 

other  subjects, l i s t e d  i n  the  Table on p.11, who macle the  ascent with a heavy 

pack i n  5 hrs  on the next day under the same weather conditions, the blood pres- 

sure dropped t o  90 and 1GO mm Hg". 

A l l  four carr ied a 

The load, above our body weight without clothing, 

I n  the  

The blood pressure (determined by SahLits t e s t )  dropped f r o m  

I n  the  two 

We collected the  urine of the  day of ascent up t o  short ly  before t h e  evening 

m e a l  and the  urine of t he  next two days always from evening t o  evening, of which 

we determined the  chlorine content according t o  Volhardts method. 

days, we avoided excessive muscular exertion; since i t  was quite cold on the 

mountaintop, no chlorine was excreted wi th  the  perspirat ion so t h a t  the  ur ine 

test showed a complete balance. 

On these 

The r e su l t s  a r e  given i n  the  accompanying Table. 

I 
i 

++ For footnote see following page. 
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It was found that ,  on t h e  day of strong chlorine secretion, the chlorine 

excretion was re la t ive ly  high i n  at least three  of us but that, on t h e  next day, 

a t  abundant salt intake, the body energetically retained chlorine. 

re tent ion i s  well known from pathological cases, such as rena l  insufficiency, 

edematous conditions, o r  inflammatory effusion?, o r  else i n  in fan t s  during re- 

pler!ishing of f lu ids  l o s t  i n  recovery from digestive upset. 

Chlorine /k29 

I n  h e a l t b  subjects, 

w e  have no knowledge of such strong chlorine retention. T h i s  re tent ion of 

10 - U, p per  day shows tha t  t he  sodium chloride reserves of the  human body can 

be depleted by profuse perspirat ion and then will have t o  be replenished. If 

t he  sodium chloride i s  not used up by the sweat glands, t he  chlorine excretion 

- after stoppage of the  supply - by no means decreases rapidly. 

one of us (C.) l ived  on a low-salt d ie t  f o r  three days, on which he d id  not p e p  

I n  Heidelberg, 

spire;  this diet contained no more than 1 gm sodium chloride per  day. The fol- 

lowing excretions were observed: 

F i r s t  day, 2l40 cc urine with 9.84 gm ClNa 

Second day, 1168 cc urine with 3.3 gm ClNa 

Third day, 1096 cc urine with 2.47 gm ClNa. 

Consequentxv, despite a decreased salt intake on these days, t h e  excretion 

i n  the  ur ine continued, i n  complete contradiction t o  the strong retent ion after 

lo s ses  in the  perspiration. 

The extensive salt losses  through perspirat ion may be of significance in 

-x- That no a l t i t ude  e f fec t  as such was involved here was proved by the  case of 
two p o r t e r s  who climbed from the Gnifett i  t o  the Rargherita Hut on the  next day, 
ca-g loads of 36 and 42 kg; on arrival, these showed a pulse rate of 78 and 
80 a t  a blood pressure of 125 and 130 mtn Hg, without increase in card ia l  dulness 
( see  I~OSSO, Wm i n  the High Alpsf*). 

%* For t h e  e n t i r e  problem complex of sodium chloride metabolism, see the  Proceed- 
ings of t h e  Congress on In te rna l  Nedicine, 1909. 
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two directions.  

water proceeds more rapidly and more completely i f  salt i s  supplied shultane- 

ously. 

always s t i l l  strong thirst can be interpreted i n  this direction; no experiments 

on this point  have been made by us. 

the body as t h e  s t a r t i ng  material f o r  producing the  hydrochloric acid of t h e  

g a s t r i c  juice. 

t h e i r  hydrochloric acid secretion. 

Hut, i.e., before the day of intense chlorine retention, we took a tes t  meal 

(400 gm tea and 40 gm bread) and expressed the  stomach content 45 - 55 min 

later, t i t r a t i n g  t h e  free hydrochloric acid with Congo paper and the  total 

ac id i ty  with phenolphthalein. 

F i r s t ,  it m u s t  be assumed that t h e  replenishing of t h e  l o s t  

Presumably, the  well-known experience t h a t  water drinking does not /430 

Secondly, t he  sodium chloride i s  used by 

It i s  known that sodium chloride losses  i n  dogs great ly  impair 

On t h e  morning a f t e r  ascent t o  the Nargherita 

W e  found t h e  following resul ts :  

Free HCI 

- 1Cobnboirnl Kestner Krcglingor I'Krcgliagst I iI ' - I I 
1 

Ivv I l r b ' d  
47 content for 

t i trat ion 

acidity Total 66 l*d2cJi$ted, 

This means tha t  three of us showed a d i s t i n c t  reduction i n  gas t r i c  juice 

secretion; this was absent in only one of us (C.) i n  whom, presumably because 

of t h e  negl igible  perspiration, t h e  chlorine retent ion was least pronounced. 

Since we a l l  f e l t  completely f i t  and unfatigued on t h e  morning and had no g a s t r i c  

complaints, no other  reason can be given f o r  t he  observed subacidity; conse- 

quently, we feel j u s t i f i e d  t o  assume t h a t  the  chlorine loss of the  preceding 

day was t h e  t r u e  cause. 

We used the urine samples, collected on the  Margherita Hut, for fu r the r  

tests. 

t h e  amount of 1% KhO, solution which was decolorized by this. 

O f  t he  amount, we mixed 10 cc with three drops of NOBH and determined 

I n  addition, the 
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. 
spec i f ic  gravity and ac id i ty  (phenolphthalein) were determined. 

I Cohnheim I Keslner I Kreglinger rlKreglingct I i  

Thus, t h e  ac id i ty  does not increase more than would correspond t o  the  

higher spec i f ic  gravity. 

immediately following res t ing  day contained 6 - 8 times more substances tha t  de- 

colorized permanganate i n  acid solution. 

Conversely, t h e  urine of t h e  working day and of t h e  

The main results can be summarized as follows: 

1) No de f in i t e  increase i n  hemoglobin concentration i n  hman subjects was 

observed a t  3000 and 4560 m elevation. 

2) Increased muscular work led t o  t rans i tory  l-qdremia. 

3 )  Profuse perspirat ion resulted i n  chlorine depletion of the  body which, 

on subsequent days, was compensated by increased chlorine retention. 

4 )  Chlorine depletion may lead t o  interference with gas t r i c  bdrochlor ic  

acid secretion. 
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